PHOTOGRAPHY of fluorescence in retinal vessels as described by Novotny and Alvis affords a means of studying the dynamic characteristics of the retinal circulation.' Studies in our laboratory and by other investigators 2 using this method or a modification have demonstrated retinal vascular phenomena that would be difficult to recognize by ophthalmoscopic visualization alone. The single film photographic technic, however, has the disadvantage of allowing exposures at relatively slow speeds. This necessitates multiple injections and grouping arrangements in order to complete a retinal vascular study.
In order to evaluate fully the moment-tomoment changes in the retinal circulation during various physiologic and pathologic conditions, a high-speed (up to 16 frames per second) photographic method was developed in our laboratory. This report will describe our observations in 70 patients studied by fluorescence retinal cinematography. The advantages and limitations of the method and the clinical and investigative applications will also be discussed. Technic and a modified Arriflex 16-mm. camera geared to run between 10 and 16 frames per second were adapted for this study. The details of the instrumentation have been reported elsewhere , and will be only briefly reviewed.
The light obtained, from a 6-volt auto lamp increased temporarily to 12 volts, was focused and passed through a no. 47 (Kodak) blue Wratten gelatin filter (transmission, 420 to 470 millimicrons), and was then reflected into the ocular fundus. Light at this wavelength excites fluorescence of the injected dye. Light reflected from the retina passed through a no. 56 (Kodak) green Wratten filter (transmission, 510 to 560 millimicrons) to Kodak Cineflure film. This filter impeded transmission of most of the reflected blue rays from the nonvascular portions of the retina and increased the contrast between fluorescent and nonfluorescent areas. Full dilatation of the subject's pupils and fixation of gaze are essential. A few feet of control film were exposed with only the green filter in the system. The blue filter was inserted, the camera started, and approximately 10 ml. of 5-per cent Fluorescite (Kirk and Company) were injected in an antecubital vein. Rapid transit through the venous system was encouraged by utilizing reactive hyperemia and a flushing technic. The moment of injection was indicated on the film by depressing a foot switch which momentarily extinguished the illumination.
The completed motion-picture study was examined in a Weinberg-Watson converted Kodak projector. This permitted different speeds of projection as well as single frame examinations. If more detailed analyses were desired, film strips could be printed on photographic paper.
Results and Comments Normal Circulation
In the normal retinal circulation, as demonstrated in 15 patients, fluorescein appeared at the optic disc 8 to 10 seconds after injection into an antecubital vein. Arterioles in the macular region fluoresced first, followed quickly by the 
Miscellaneous Studies
Retinal cinematography was carried out in a patient with leuLkemia ( fig. 4) .51380 Such a differentiation should be possible but experience is limited at the present time.
A fluorescein injection was carried out in a patient who had a "Hollenhorst plaque" in a retinal arteriole. The fluorescein injection demonstrated adequate, although delayed, flow past the plaque. These plaques often cause vascular occlusion. 7 One of the first uses for fluorescein retinal cinematography was in the study of the effects of hypothermia and high-and low-flow cardiopulmonary bypass in the dog. The differences in the rate of flow under these various conditions were clearly evident.8
Discussion
Retinal cinematographic studies in our laboratory have demonstrated the value of this technic with use of filming rates up to 16 frames per second. The entire sequence of retinal flow is dramatically and continuously portrayed without resort to multiple injections and grouping arrangements necessary with the still photographic technic. The details of the finer vascular structures at present are better with the still technic, for the electronic flash permits the films to be exposed at 1/1,000 of a second. The Generally, the injection of fluorescein produced no symptoms. In patients with fair complexions, a pale yellow hue was observed for 8 to 12 hours with subsequent discoloration of the urine for approximately 24 hours. In 10 per cent of our patients nausea and vomiting occurred within 1 minute of the injection and wvas usually associated with the larger doses (10 ml.). The nausea was usually transitory and subsided spontaneously within 5 minutes. Four milliliters of 5-per cent fluorescein injected into the root of the aorta produced no nioticeable effects in one patient, and injections of the ininominate artery have been well tolerated.)
Poor retin-al cinematographs are occasionally produced for reasons other than those directly related to camera technic. Poor patient fixation or inability to cooperate, slow general circulation, and various cardiovascular disturbances may result in poor contrast films.
Summary
Clinical experience with fluorescence retina] cinematography in 70 patients is presented.
The sequence of normal retinal vascular filling is described. Of particular interest is the demonstration that the retinal circulation consists of a number of vascular segments, each of which may have different flow characteristics.
The pathologic alterations in patients with diabetic and hypertensive retinopathy, papilledema, and other disease states are discussed.
The dynamic portrayal of the retinal circulation, enabling moment-to-moment evaluation, and the efficiency of the cinematographic technic are distinct advantages over the singlefilm method.
